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(57) ABSTRACT

A laser device provided with the function of predicting
occurrence of condensation and preventing occurrence of
condensation 1n advance. The laser device 1s provided with
a controlling part calculating a reference temperature for

judging whether a cooling water feed device may feed

cooling water based on a temperature measured by a ther-
mometer and a humidity measured by a hygrometer, and a
comparing part comparing a reference temperature and a
cooling water temperature. The cooling water feed device 1s
configured to stop the feed of cooling water after a command
for starting up the laser oscillator has been output and the
cooling water temperature 1s lower than the reference tem-
perature and to start or continue the feed of cooling water
when the cooling water temperature 1s the reference tem-
perature or more.

3 Claims, 5 Drawing Sheets
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LASER DEVICE PROVIDED WITH
FUNCTION OF PREDICTING OCCURRENCE
OF CONDENSATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a laser device provided
with the function of predicting the occurrence of condensa-
tion 1n a laser oscillator.

2. Description of the Related Art

If condensation occurs 1n a laser oscillator, portions which
should be electrically insulated from each other end up
becoming electrically connected or the optical parts fall in
performance and thereby operation of the laser oscillator 1s
obstructed. To prevent such condensation, for example, JP
HO06-260708 A describes the art of feeding dry gas into the
container housing the body of the laser oscillator to adjust
the dew point at the inside of the container to become lower
than the temperature of the cooling water.

Further, JP HO9-083044 A describes a cooling device of a
laser oscillator provided with a first feed pipe, a first
discharge pipe, respectively a second feed pipe and second
discharge pipe through which a laser power part 1s con-
nected, and a flow rate adjustment mechanism which adjusts
the cooling water flowing from the second feed pipe to the
laser power part so that the temperature of a heat generating
clement etc. at this laser power part etc. 1s maintained at a
certain temperature range.

On the other hand, art enabling the occurrence of con-
densation to be predicted in advance has been desired. For
example, JP HO7-029453 U does not cover a laser device,
but discloses a device enabling automatic detection in pre-
diction of condensation at an object surface at the time of
bonding work or diagnosing a condensation environment
inside a building and which can continuously record the
trends 1n fluctuation.

If applying a device such as described in JP HO7-029453
U to a laser device, 1t 1s understood that 1f occurrence of
condensation were predicted, it would be possible to limait
the operation of the laser oscillator by 1ssuing a warning.
However, 1n a laser device, to suitably adjust the temperature
and humidity of the surroundings of the laser oscillator,
sometimes the temperature/humidity adjusting device (air-
conditioner etc.) for the housing of the laser oscillator is
used, but if using such an adjusting device, since the
temperature and humidity of the surroundings of the laser
oscillator change along with the elapse of time, 11 standing
by while leaving the adjusting device operating, sometimes
condensation would be liable to no longer occur. It 1s not
cilicient to limit the operation of the laser oscillator up to
such an event.

Further, 11 using cooling water, sometimes the tempera-
ture of the cooling water will change for some reason or
another. As described 1n JP H07-029453 U, with just mea-
suring the surface temperature of the object, at the time of
measurement of temperature, 1t will be difficult to predict in
advance the occurrence of condensation after the time of
measurement of temperature due to the drop in temperature
of the cooling water.

SUMMARY OF INVENTION

Therefore, the present invention has as i1ts object the
provision of a laser device provided with the function of
predicting the occurrence of condensation and of preventing,
in advance the occurrence of condensation.
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To achieve the above object, the present invention pro-
vides a laser device comprising a laser resonator generating
laser light, a cooling water feed device feeding cooling water
to the laser resonator for cooling the laser resonator, a water
temperature gauge measuring a temperature of cooling water
fed to the laser resonator, a temperature/humidity adjusting
device adjusting at least one of a temperature and humidity
ol a space 1n which the laser resonator 1s set, a thermometer
measuring a temperature of air adjusted by the temperature/
humidity adjusting device, a hygrometer measuring a
humidity of air adjusted by the temperature/humidity adjust-
ing device, a controlling part calculating a reference tem-
perature or reference humidity judging 1t the cooling water
teed device may feed cooling water based on the tempera-
ture measured by the thermometer and the humidity mea-
sured by the hygrometer, and a comparing part comparing,
the reference temperature and the cooling water temperature
or comparing the reference humidity and the humidity
measured by the hygrometer, wherein the cooling water feed
device configured to stop the feed of cooling water after a
command for starting up the laser resonator has been output
and the cooling water temperature 1s lower than the refer-
ence temperature or when the humidity measured by the
hygrometer 1s higher than the reference humidity and to start
or continue the feed of cooling water when the cooling water
temperature 1s the reference temperature or more or when
the humidity measured by the hygrometer 1s the reference
humidity or less.

As a specific example, the reference temperature 1s a dew
point of a space 1n which the laser resonator 1s placed or the
dew point plus a predetermined margin, and the reference
humidity 1s a condensation humidity of a space in which the
laser resonator 1s placed or the condensation humidity minus
a predetermined margin.

Further, the present invention provides a laser device
comprising a laser resonator generating laser light, a cooling
water feed device feeding cooling water to the laser reso-
nator for cooling the laser resonator, a water temperature
gauge measuring a temperature of cooling water fed to the
laser resonator, a temperature/humidity adjusting device
adjusting at least one of a temperature and humidity of a
space 1n which the laser resonator 1s set, a thermometer
measuring a temperature of air adjusted by the temperature/
humidity adjusting device, a hygrometer measuring a
humidity of air adjusted by the temperature/humidity adjust-
ing device, a controlling part determining a control target
temperature of cooling water which 1s fed to the laser
resonator and calculating a reference temperature for judg-
ing 1 the cooling water feed device may feed cooling water
based on the temperature measured by the thermometer and
the humidity measured by the hygrometer, a water tempera-
ture adjusting device adjusting a temperature ol cooling
water fed to the laser resonator based on the control target
temperature, and a comparing part comparing the reference
temperature and the control target temperature, wherein the
cooling water feed device configured to stop the feed of
cooling water after a command for starting up the laser
resonator has been output and the control target temperature
1s lower than the reference temperature and to start or
continue the feed of cooling water when the control target
temperature 1s the reference temperature or more.

As a specific example, the control target temperature 1s
calculated and set so as to be held at the reference tempera-
ture or more and as such gradually fall 1n accordance with
the fall 1n reference temperature.
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As a specific example, the reference temperature 1s the
dew point of a space 1n which the laser resonator 1s placed
or the dew point plus a predetermined margin.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned and other objects, features, and
advantages of the present invention will become clearer by
the following explanation of the preferred embodiments
given with reference to the attached drawings.

FIG. 1 1s a view showing the schematic structure of a laser
device according to a first embodiment of the present
invention;

FIG. 2 1s a flow chart showing an example of processing
for starting up an oscillator 1n the laser device of FIG. 1;

FI1G. 3 15 a graph showing one example of a change of the
cooling water temperature along with time when the pro-
cessing of FIG. 2 1s performed;

FI1G. 4 1s a view showing the schematic structure of a laser
device according to a second embodiment of the present
imnvention;

FIG. 5 1s a flow chart showing an example of processing
for starting up an oscillator 1n the laser device of FIG. 4;

FIG. 6 1s a graph showing one example of a change of the
cooling water temperature along with time when the pro-
cessing of FIG. 5 1s performed; and

FI1G. 7 1s a graph showing another example of a change of
the cooling water temperature along with time when the
processing of FIG. 5 1s performed.

DETAILED DESCRIPTION

FIG. 1 1s a view schematically showing the configuration
of a laser device 10 according to a first embodiment of the
present invention. The laser device 10 has a laser resonator
12 generating laser light, a cooling water feed device 14
teeding cooling water to the laser resonator 12, a water
temperature gauge 16 measuring a temperature of cooling
water fed to the laser resonator 12, a temperature/humidity
adjusting device 20 adjusting at least one of a temperature
and humidity of a space i which the laser resonator 12 1s set
(in the 1llustrated example the 1nside space of the housing
18), a thermometer 22 measuring a temperature of air 1n the
space (housing 18) 1n which the laser resonator 12 1s placed,
and a hygrometer 24 measuring a humidity of air in the
space (housing 18) 1n which the laser resonator 12 1s placed.

In the 1llustrated example, the laser oscillator 28 including
the laser resonator 12 and the laser power source 26 sup-
plying power to the laser resonator 12 1s placed in a housing,
18. Further, the water temperature gauge 16 1s configured to
measure the temperature of the cooling water flowing
through the inside of the cooling water path 30 which fluidly
couples the laser resonator 12 and the cooling water feed
device 14. Further, as the temperature/humidity adjusting
device 20, for example, an air-conditioning system {for
adjusting the temperature and humidity of the air inside the
housing 18, or a dry air feed device for feeding dry air to the
inside of the housing 18, etc. can be used.

The laser device 10 has a controller 32 controlling the
operations of the laser oscillator 28 and cooling water feed
device 14. The controller 32 1s provided with a controlling
part 34 calculating a reference temperature (explained later)
for judging 1f the cooling water feed device may feed
cooling water based on the temperature measured by the
thermometer 22 and the humidity measured by the hygrom-
cter 24, and a comparing part 36 comparing the reference
temperature and the cooling water temperature. The cooling,
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4

water feed device 14 1s configured to stop the feed of cooling
water when cooling water temperature 1s lower than the
reference temperature after a command for starting up the
laser oscillator 28 has been output from the controller 32,
and to feed (start or continue the feed of) cooling water when
the cooling water temperature 1s the reference temperature
or more aiter a command for starting up the laser oscillator
28 has been output from the controller 32.

The controller 34 can operate the cooling water feed
device 14 and command whether to feed cooling water to at
least one of the laser power source 26 and laser resonator 12.
For example, when the cooling water feed device 14 has a
solenoid valve provided at the cooling water path 30, 1t 1s
possible to have the controller 34 send a command to the
solenoid valve to operate that solenoid valve and thereby
feed or stop cooling water to the laser oscillator 28. Alter-
natively, when the cooling water feed device 14 has a chiller
provided with a pump, 1t 1s possible to have the controlling
part 34 send a command to the chiller to start up or stop the
pump and thereby feed or stop cooling water to the laser
oscillator 28. Note that when the cooling water feed device
14 has a chiller, cooling water can be circulated for use.

FIG. 2 1s a flow chart showing one example of processing,
for starting up the oscillator 1n the laser device 10 of FIG. 1,
while FIG. 3 1s a graph showing an example of the change
of the cooling water temperature along with time (solid line
40) when the processing 1s performed. First, a command for
starting up the laser oscillator 28 (laser resonator 12) (startup
command etc.) 1s output, then the temperature/humidity
adjusting device 20 1s started up (step S101). Next, at step
S102, the comparing part 36 compares the temperature of
the cooling water measured by the water temperature gauge
16 and a reference temperature for judging whether the
cooling water feed device 14 may feed cooling water.

The reference temperature 1s, for example, a value able to
be calculated based on the dew point in the housing (space
in which laser resonator 12 1s placed) at the time of mea-
surement of the temperature of the cooling water. In the
example of FIG. 2 and FIG. 3, 1t 15 a value of a margin
(constant) predetermined considering the error etc. of the
measurement system added to the dew point. Alternatively,
the dew point inside the housing itsellf may be made the
reference temperature. Further, this margin can be deter-
mined by experience based on the specifications of the
measurement system etc. For example, 1t can be made a
constant value 1n the range of 0.5 to 2° C. (in the 1llustrated
example, 1° C.)

When the cooling water temperature 1s lower than the
reference temperature, the cooling water feed device 14 does
not feed cooling water, but stands by for a predetermined
time (step S103). That 1s, while the cooling water tempera-
ture 1s lower than the reference temperature, there 1s a
possibility of condensation occurring at the laser resonator
12 etc., so laser oscillation 1s not started. Note that the
predetermined time here, for example, can be made a
constant value of 30 seconds to 5 minutes 1n range, but 1t the
difference of the cooling water temperature and the refer-
ence temperature becomes smaller, 1t 1s also possible to
shorten the predetermined time (that 1s, perform the pro-
cessing of step S102 by a shorter period) and enable laser
oscillation faster.

On the other hand, when the cooling water temperature 1s
the reference temperature or more (corresponding to time A
of FIG. 3), condensation will probably not occur at the laser
oscillator 28, so the cooling water feed device 14 feeds
(starts) the cooling water (step S104) and the laser oscillator
28 starts the laser oscillation (step S105).
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At step S101 on, the temperature/humidity adjusting
device 20 continuously operates, so as shown 1n FIG. 3, the
humidity inside the housing 18 gradually falls. Along with
this, the dew point (one-dot chain line 42) also gradually
tfalls. Further, the reference temperature of the dew point
plus a margin (in example of FIG. 3, 1° C.) (dotted line 44)
also gradually falls. Note that when the cooling water feed
device 14 has a chiller, the cooling water temperature falls
toward the control target temperature of the chiller (1n the
example of FIG. 3, 25° C.)

Next, at step S106, 1n the same way as step S102, the
temperature of the cooling water measured by the water
temperature gauge 16 and the reference temperature at the
time of measurement are compared. The reference tempera-
ture here also, in the same way as step S102, can be
determined based on the dew point inside the housing at the
time of measurement of the temperature of the cooling
water. If the cooling water temperature falls below the
reference temperature (time B of FIG. 3), there 1s a possi-
bility of condensation occurring at the laser resonator 12
etc., so laser oscillation 1s stopped (step S107), the feed of
the cooling water by the cooling water feed device 14 1s
stopped (step S108), and the system stands by for a prede-
termined time (step S109). The order of steps S107 and S108
may also be reversed or the steps may be performed simul-
taneously. Note that the predetermined time here also, for
example, can be made a constant value of 30 seconds to 5
minutes in range, but 1f the diflerence between the cooling
water temperature and the reference temperature becomes
smaller, 1t 1s also possible to shorten the predetermined time
and enable laser oscillation faster.

After waiting for a predetermined time, the dew point
inside of the housing falls compared with the time B
(therefore, the reference temperature also falls). When the
cooling water temperature 1s the reference temperature or
more (time C of FIG. 3), 1t 1s believed that condensation will
not occur at the laser oscillator 28 or condensation will
disappear, so the cooling water feed device 14 feeds (starts
or continues) the cooling water (step S110) and the laser
oscillator 28 starts or continues the laser oscillation (step
S111).

The processing of step S106 on 1s intermittently per-
formed during operation of the laser oscillator. Due to this,
processing generally similar to that from the times A to C 1s
repeated at the times C to E. Note that the time E on, the
temperature of the cooling water 1s controlled so as to
become the control target temperature (25° C.) (time F of
FIG. 3).

In FIG. 3, from the time A to the time B, from the time C
to the time D, and from the time E on, the cooling water feed
device 14 feeds cooling water to the laser oscillator 28. On
the other hand, from the time B to the time C and from the
time D to the time E, the cooling water feed device 14 stops
teed of the cooling water to the laser oscillator 28.

Note that as shown 1n FIG. 2, in one or both of step S102
and step S106, instead of comparing the cooling water
temperature with the reference temperature, it 1s also pos-
sible to compare the humidity inside the housing 18 mea-
sured by the hygrometer 24 and the reference humidity for
mudging to have the cooling water feed device 14 feed
cooling water. The reference humidity can, for example, be
calculated based on the condensation humidity at the time of
measurement of the humidity in the housing 18 (space in
which laser resonator 12 1s placed) and, for example, 1s the
value of a margin (constant) predetermined considering the
error or the measurement system etc. subtracted from the
condensation humidity. Alternatively, the condensation
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humidity 1n the housing (humidity at which 1f exceeded
condensation will occur) itself may be made the reference
humidity. Further, this margin can be determined by expe-
rience based on the specifications etc. of the measurement
system, for example, can be made a constant value 1n 1 to
10% (relative humidity) in range.

When using the reference humidity instead of the refer-
ence temperature, 11 the humidity inside the housing mea-
sured by the hygrometer 24 i1s higher than the reference
humidity (measured humidity>reference humidity), there 1s
a possibility that condensation will occur, so the cooling
water feed device 14 does not feed cooling water and the
system stands by for a predetermined time (step S103 or
S107). On the other hand, when the measured humidity 1s
the reference humidity or less, it 1s believed that condensa-
tion will not occur at the laser oscillator 28, so the cooling
water feed device 14 starts or continues feed of cooling
water (step S105 or S110) and the laser oscillator 28
performs laser oscillation.

In this way, 1n the first embodiment, 1t 1s possible to
automatically perform the series of processing such as
shown 1n FIG. 2, so if condensation 1s predicted to occur, it
1s possible to automatically perform the processing of leav-
ing the temperature/humidity adjusting device 20 operating
and making only the feed of cooling water stop to make the
system stand by until conditions are reached where conden-
sation will not occur (alternatively, 1f consideration occurs,
stand by until condensation no longer occurs).

FIG. 4 1s a view schematically showing the configuration
of a laser device 10' according to a second embodiment of
the present invention. The laser device 10' differs from the
first embodiment 1n the point of having a water temperature
adjusting device 38 adjusting the temperature of the cooling
water fed from the cooling water feed device 14 to the laser
oscillator 28. The water temperature adjusting device 38 1s
configured so as to adjust the cooling water temperature (to
become equal to or approach the control target temperature)
based on a predetermined control target temperature (ex-
plained later). In the example of FIG. 4, the water tempera-
ture adjusting device 38 has a heat exchanger provided at the
cooling water path 30 and performing heat exchange
between the cooling water flowing through the inside of the
cooling water path 30 and the air outside of the housing 18.
Further, the controlling part 34 1s configured to set or
calculate the control target temperature 1n addition to the
reference temperature. Alternatively, the function of finding
the control target temperature may be provided at the water
temperature adjusting device 38 as well. The other compo-
nent elements of the laser device 10" may be similar to the
laser device 10 according to the first embodiment, so com-
ponent elements having similar functions may be given the
same reference notations and detailed explanations will be
omitted.

FIG. § 1s a flow chart showing one example of the
processing for startup of the oscillator 1n the laser device 10
of FIG. 4, while FIG. 6 1s a graph showing one example of
the change of the cooling water temperature along with time
(solid line 50) when that processing 1s performed. First, after
a command for startup of the laser oscillator 28 (laser
resonator 12) (startup command etc.) 1s output, the tempera-
ture/humadity adjusting device 20 1s started up (step S201).
Next, at step S202, the comparing part 36 compares the
control target temperature of the cooling water temperature
resulting from the water temperature adjusting device 38
(broken line 52 of FIG. 6) and a reference temperature for
judging whether the cooling water feed device 14 may feed
cooling water (dotted line 34 of FIG. 6). Here, the control
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target temperature, for example, can be determined in
advance experimentally as the cooling water temperature for
cooling the laser resonator 12 so as to enable the laser
resonator 12 to suitably perform laser oscillation or other
operations. In the example of FIG. 6, 1t 1s set to a constant
value (25° C.)

The reference temperature, 1n the same way as the first
embodiment, for example, can be calculated based on the
dew point 1n the housing at the time of measurement of the
temperature of the cooling water. In the example of FIG. 5
and FI1G. 6, 1t 1s a value of a margin (constant) predetermined
considering the error etc. of the measurement system added
to the dew point. Alternatively, the dew point inside the
housing 1tself may be made the reference temperature.
Further, this margin can be set by experience based on
specifications of the measurement system etc., for example,
can be made a constant value of 0.5 to 2° C. 1n range (1n the
illustrated example, 1° C.)

When the control target temperature 1s lower than the
reference temperature (corresponding to times G to H of
FIG. 6), the cooling water feed device 14 does not feed
cooling water and the system stands by for a predetermined
time (step S203). That 1s, the control target temperature
being lower than the reference temperature means that if the
cooling water temperature actually falls down to the control
target temperature, the possibility of condensation occurring,
at the laser resonator 12 etc. 1s high, so laser oscillation 1s not
started. Note that the predetermined time here, for example,
can be made a constant value of 30 seconds to 5 minutes 1n
range, but 1f the difference between the cooling water
temperature and the reference temperature becomes smaller,
it 15 also possible to shorten the predetermined time (that 1s,
perform the processing of step S202 by a shorter period) and
perform the laser oscillation faster.

At step S201 or more, the temperature/humidity adjusting
device 20 continuously operates, so, as shown 1n FIG. 6, the
humidity inside the housing 18 gradually falls. Along with
this, the condensation point also gradually falls. Further, the
reference temperature of the dew point plus a margin (dotted
line 54) also gradually falls.

After standing by for a predetermined time, when the
control target temperature becomes the reference tempera-
ture or more (time H of FIG. 6 and on), even 1if the cooling
water temperature reaches the control target temperature, it
1s conceivable that condensation will not occur at the
condensation laser oscillator 28, so the cooling water feed
device 14 feeds (starts) cooling water (step S204) and the
laser oscillator 28 starts laser oscillation (step S205).

Next, at step S206, 1n the same way as step S202, the
control target temperature of the cooling water temperature
resulting from the water temperature adjusting device 38 and
the reference temperature for judging the feed of cooling
water by the cooling water feed device 14 are compared. The
control target temperature here as well can, for example, be
determined in advance by experience as the cooling water
temperature for cooling the laser resonator 12 so that the
laser resonator 12 can suitably perform the laser oscillation
or other operations. In the example of FIG. 6, 1t 1s set to the
constant value (25° C.)

Further, the reference temperature, in the same way as
step S202, can be determined based on the dew point 1n the
housing at the time of measurement of the temperature of the
cooling water. When for some reason or another the refer-
ence temperature exceeds the control target temperature, 1t 1s
anticipated that condensation will occur 1n the laser resona-
tor 12 etc., so the laser oscillation 1s stopped (step S207), the
cooling water feed device 14 stops the feed of cooling water
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(step S208), and the system stands by for a predetermined
time (step S209). The order of steps S207 and S208 may be
reversed or the steps may be performed simultaneously.
Note that the predetermined time here as well can, for
example, be made a constant value of 30 seconds to 5
minutes in range, but 1f the diflerence between the cooling
water temperature and the reference temperature becomes
smaller, 1t 1s also possible to shorten the predetermined time
and enable laser oscillation faster.

On the other hand, when the reference temperature is the
control target temperature or more (time H of FIG. 6 on), 1t
1s believed that condensation will not occur at the laser
resonator 12 etc., so the cooling water feed device 14 feeds
(starts or continues) feed of cooling water (step S210) and
the laser oscillator 28 starts or continues laser oscillation
(step S211). The processing from step S206 on 1s performed
intermittently during operation of the laser oscillator. Note
that from the time I on, the temperature of the cooling water
1s controlled so that it becomes the control target tempera-
ture (25° C.)

In the example of FIG. 6, from the time G to the time H,
the cooling water feed device 14 stops the feed of cooling
water to the laser oscillator 28. From the time H on, the
cooling water feed device 14 feeds cooling water to the laser
oscillator 28. By making the object of comparison with the
reference temperature the control target temperature of the
cooling water, future condensation due to the fall 1n cooling
water temperature can also be predicted and condensation
can be more rehably prevented.

FIG. 7 1s a graph showing an example of the change 1n
cooling water temperature along with time (solid line 60) 1n
the second embodiment of the present invention 1n the case
where the method of setting the control target temperature
differs from the case of FIG. 6. In the example of FIG. 6, the
control target temperature was a constant value, but in the
example of FIG. 7, the controller 34 successively calculates
the control target temperature and controls the water tem-
perature adjusting device 38 based on the calculated control
target temperature. Note that 1 the case of FIG. 7 as well,
the flow chart relating to the processing for starting up the
laser device may be similar to that of FIG. 5.

As shown 1 FIG. 7, the control target temperature (bro-
ken line 62) 1s calculated and set so as to be held at the
reference temperature (dotted line 64) or more and as such
to gradually fall in accordance with a fall in the reference
temperature 64. For example, the control target temperature
62 i1s set to become the reference temperature 64 to the
reference temperature plus a predetermined margin. In the
illustrated example, the control target temperature 62 1s set
to a temperature higher than the reference temperature 64 by
a constant value (for example, 0.5 to 2° C., in the 1llustrated
example, 1° C.). However, the control target temperature 1s
preferably set so as not to become lower than a lower limit
value preset for suitable laser oscillation etc. (here, 25° C.).
Therefore, 1n the example of FIG. 7, even 1f the “reference
temperature +1° C.” becomes lower than 25° C. (time L on),
the control target temperature becomes 25° C.

Here, the control target temperature may be calculated
and set so as to become equal to the reference temperature,
but 1t 1s preferably set to become larger than the reference
temperature by exactly a constant value (for example 0.5 to
2° C.). The reason 1s that the cooling water temperature 1s
controlled so as to approach the control target temperature,
but due to control error, for example, for a short time period
of several tens of seconds or so, 1t sometimes ends up
becoming lower than even the control target temperature. In
this way, 1t 1s preferable to set a certain margin such as 1° C.
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so that condensation will not occur even 1f the cooling water
temperature becomes lower than the control target tempera-
ture.

As shown 1n FIG. 7, by setting the control target tem-
perature at a value larger than the reference temperature by
a constant value, i1t 1s possible to broaden the time span
during which laser oscillation (feed of cooling water) is
possible compared with the example of FIG. 6. In the
example of FIG. 7, 1t 1s possible to prevent condensation
from occurring over the entire time from when the cooling
water temperature 60 1s the initial 35° C. (time J) to when the
cooling water temperature 60 1s substantially equal to the
control target temperature 62 (time K) and further the
cooling water temperature 60 reaches 25° C. suitable for
stable laser oscillation (time L) and on, so cooling water can
be fed (laser oscillation can be performed) over a longer
time.

According to the present invention, 1t 1s possible to predict
condensation 1n the laser oscillator and, when the occurrence
of condensation 1s predicted, automatically stop the feed of
cooling water to prevent the occurrence of condensation 1n
advance and automatically feed cooling water and generate
a laser beam when stable laser oscillation 1s possible.

By making what the reference temperature 1s compared
with the control target temperature of the cooling water, 1t 1s
also possible to predict future condensation due to the fall 1n
cooling water temperature and prevent that condensation.
Further, by gradually lowering the control target temperature
in accordance with the reference temperature, 1t 1s possible
to start the feed of cooling water from an earlier stage and
therefore possible to start the laser oscillation earlier.

While the mvention has been described with reference to
specific embodiments chosen for the purpose of illustration,
it should be apparent that numerous modifications could be
made thereto, by a person skilled in the art, without depart-
ing from the basic concept and scope of the mvention.

The invention claimed 1s:

1. A laser device comprising:

a laser resonator generating laser light,

a cooling water feed device feeding cooling water to the
laser resonator for cooling the laser resonator,

a water temperature gauge measuring a temperature of
cooling water fed to the laser resonator,
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a temperature/humidity adjusting device adjusting at least
one ol a temperature and humidity of a space 1n which
the laser resonator 1s set,

a thermometer measuring a temperature of air adjusted by
the temperature/humidity adjusting device,

a hygrometer measuring a humidity of air adjusted by the
temperature/humidity adjusting device,

a controlling part determining a control target temperature
of cooling water which 1s fed to the laser resonator and
calculating a reference temperature or a reference
humidity for judging if the cooling water feed device
may feed cooling water based on the temperature
measured by the thermometer and the humidity mea-
sured by the hygrometer,

wherein the reference temperature 1s a dew point 1n the
space 1 which the laser resonator 1s placed, or a value
calculated based on the dew point, and

wherein the cooling water feed device 1s configured to
repeat the following steps a plurality of times until the
temperature of cooling water reaches the control target
temperature:

1) start or continue the feed of cooling water after a
command for starting up the laser resonator has been
output and when:

a) the temperature of the cooling water 1s greater
than the control target temperature, and

b) the temperature of the cooling water 1s greater
than or equal to the reference temperature, and

2) stop the feed of cooling water when:

a) the temperature of the cooling water 1s less than or
equal to the control target temperature, or

b) the temperature of the cooling water 1s less than
the reference temperature.

2. A laser device according to claim 1, wherein the value
calculated based on said dew point 1s said dew point plus a
predetermined margin.

3. The laser device according to claim 1, wherein the
controlling part 1s configured to intermittently:

control the laser resonator to stop generating laser light
when the temperature of the cooling water 1s lower than
the reference temperature, and control the laser reso-
nator to start or continue generating laser light when the
temperature of the cooling water 1s the reference tem-

perature or more.

G o e = x
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